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1Abstract
With the incidence of concussion in sport on the rise, it is crucial that the 
concussion assessment tools utilized by health care professionals be accurately 
administered in the appropriate setting. It may be important to consider the environment 
of test administration between baseline and post-injury assessment to allow appropriate 
return to play decisions. At present, there is limited research on the effect of testing 
environment on Sport Concussion Assessment Tool 2 (SCAT2) baseline scores. Our 
objective for the study was to investigate if testing environment affects SCAT2 scores in 
healthy male collegiate club lacrosse players and healthy female club soccer players. 
Our study was completed as true experimental research in a randomized controlled 
clinical trial. Our participants included a total of 18 healthy male club lacrosse players 
and 15 female club soccer players. Participants completed the SCAT2 test in 2 
environments (controlled classroom and uncontrolled sideline) and in 2 testing sessions 
approximately 8.05±1.63 days apart. We used a MANOVA to examine differences 
between testing environments for the 8 component scores and the total score of the 
SCAT2. We found statistically significant group mean differences between testing 
environments in the combined dependent variables for males (multivariate F7,28=6.759, 
P<0.001, 1-β=0.998, η2=0.628), females (multivariate F6,23=8.306, P<0.001, 1-β=0.999, 
η2=0.684), and a combination of both genders (multivariate F7,58=11.098, P<0.001, 1- 
β=1.000, η2=0.573). SCAT2 scores were impaired when both male and female 
participants were tested in a sideline environment compared with a clinical environment. 
We concluded that baseline SCAT2 testing should be administered in an environment in 
which testing after injury will most likely be administered.
2Introduction
Sport-related concussions are on the rise in American athletics; researchers 
currently estimate that 1.6 to 3.8 million sport-related concussions occur annually in the 
United States.1 These injuries, if not properly managed or treated, can be debilitating 
and even life-threatening.2 The rise in concussion injury rates may in part be attributed 
to the increased education about the long term effects of this serious type of injury. As 
the concussion rate continues to rise, the necessity of accurate assessment tools does 
as well.3 Athletic trainers utilize numerous concussion assessment techniques to detect 
the effects of concussions on cognition, balance, and symptoms in athletes.4 The 
currently recommended guidelines for concussion assessment include the utilization of 
preseason baseline testing as a means of detecting the presence and severity of 
concussions post-injury. These standardized tests are a vital aspect of the multifaceted 
approach used by health care providers when making return to play decisions.5
Although research exists demonstrating the clinical relevance of several 
standardized concussion assessment tools, there are still many gaps in the literature 
regarding the specificity and validity of such tests as a whole. Due to the severity of 
concussions as a potentially life-threatening injury, more research studies on the 
effectiveness of these baseline tools must be conducted in order to ensure the best 
standard of care. Recently, concern has been raised about the validity of standardized 
tests conducted in a controlled clinical environment as compared with an uncontrolled 
sideline environment.6 A controlled environment in which an athlete is administered a 
baseline test may differ significantly from the environment in which a health care 
provider would conduct a sideline concussion assessment immediately after a sustained
blow to the head. This raises concern as to the accuracy of the standardized tests 
conducted in varied settings.
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We examined the effects of environmental factors on the Sport Concussion 
Assessment Tool 2 (SCAT2), because of its recommended use as a preseason 
baseline assessment tool. Due to the importance of diagnosing the severity of a 
concussion, it is essential to know whether or not an uncontrolled sideline environment 
poses as a distraction towards cognitive function, postural control, and symptoms during 
test administration. There are currently no guidelines for the location and the timing in 
which athletes should be administered baseline concussion tests. Since the sideline is 
often the location of immediate concussion assessment, it is crucial to distinguish if 
differences from the baseline score exist due to an actual concussion or certain 
environmental factors.
I. Epidemiology of Concussions
Estimates show that there has been a significant increase in sport-related 
concussions over the past decade in the United States.1 Even more concerning is the 
low reporting rate of such injuries by coaches and athletes alike, suggesting that these 
estimates may be drastically lower than actual occurrences. A concussion can be 
broadly defined as “a complex pathophysiological process affecting the brain, induced 
by traumatic biomechanical forces.”7(p37) Assessing concussions can be particularly 
difficult for health care providers such as athletic trainers because of the range of 
clinical outcomes associated with the injury and the factors known to affect them.1 
Practicing athletic trainers have the duty to provide the safest environment possible for
athletic participation, which includes incorporating a protocol that includes prevention, 
care, and management in treating injuries.
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Understanding the anatomy and function of the brain is important in the acute 
care and management of sport-related concussions. The brain is composed of three 
major divisions: the cerebrum, the cerebellum, and the brainstem.8 The cerebrum can 
be broken down into four different lobes: the frontal lobe, the parietal lobe, the temporal 
lobe, and the occipital lobe. These lobes control body movement, sensation, and higher 
cerebral functions such as speech, learning, memory, and emotion.9 The cerebellum 
consists of a midline and two lateral lobes, and primarily controls motor functions that 
regulate posture, muscle tone, and coordination.9 The final part of the brain, the brain 
stem, transmits information between the other parts of the brain and the spinal cord.8 
The brain stem controls the body’s vital functions, which are respiration rate, heart rate, 
and blood pressure. Also attached to the brain are twelve cranial nerves, which provide 
sensory and motor innervation for the head, neck, thorax, and abdomen.9 These cranial 
nerves can be assessed by a health care provider, offering feedback on the location 
and severity of an injury, and whether or not the individual needs an immediate referral.
Even with helmets and other protective equipment, the brain is still extremely 
vulnerable to traumatic forces. The mechanism of injury for a concussion can be either 
direct or indirect. A direct blow resulting in injury to the brain at the point of contact is 
called a coup, which occurs “when the head is stationary and is struck by a moving 
object such as a helmet or ball.”9(p531) An indirect blow to the head is called a 
contrecoup, which occurs “when the head is moving and comes in contact with an 
immovable or more slowly moving object”.9(p531) A contrecoup would result in an injury
located on the opposite side of the point of impact.9 These types of injuries can cause 
accessory problems such as compressive, shear, or tensile stresses on the brain 
tissue.9 Understanding the mechanism of injury in which a concussion was sustained is 
helpful in determining the extent of the injury.
Experts do not yet universally agree on the grading of severity and criteria for 
return to play in a concussion-related injury; however, they do agree that an athlete 
presenting with any signs or symptoms associated with brain injury should not be 
allowed to participate in activity.9 The signs and symptoms associated with concussions 
include, but are not limited to, the following: headache, drowsiness, fatigue, irritability, 
personality changes, sensitivity to light and/or noise, nausea, loss of consciousness, 
and loss of orientation.8 Cognition and balance should also all be assessed during an 
on-site evaluation of an acute injury.8 Once the health care provider has assessed the 
injured athlete, a management protocol that educates the athlete and parent (if the 
athlete is a minor) should be enacted to provide the best possible care and keep the 
athlete safe and on the road to recovery.
The Consensus Statement on Concussion in Sport recommends that a six-step 
process be conducted in a graded return-to-play protocol when an athlete becomes 
asymptomatic after physical and cognitive rest.7 Stage 1 for an athlete is no activity, 
complete physical and cognitive rest, and has the objective of recovery. Stage 2 is light 
aerobic exercise such as walking or swimming, with the objective of increasing the heart 
rate. Stage 3 progresses to sport-specific exercise without head impact activities with 
the objective of adding movement. Stage 4 includes non-contact training drills, with the 
objective of restoring coordination and cognitive function. At stage 5, the athlete may
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6progress to full contact practice after medical clearance, and at stage 6, return to normal 
game play. Specific guidelines do not exist that clearly state when an athlete can 
progress through the various phases; therefore, the athletic trainer in charge must make 
decisions based off of the athlete’s reported symptoms, cognitive function, and postural 
control.
II. Currently Recommended Concussion Assessment Tools
Athletic trainers utilize numerous assessment techniques to detect the effects of 
concussions on cognition, balance, and symptoms in athletes.4 Two popular sideline 
concussion assessment tests are the Standardized Assessment of Concussion (SAC) 
and the Balance Error Scoring System (BESS). These standardized tests are 
recommended because each can be conveniently administered on the sideline by an 
athletic trainer who does not need prior training in psychometric testing.10 The SAC is 
designed for neurocognitive assessment, and includes measures of orientation, 
immediate memory, concentration, and delayed recall.11 A section is also included that 
notes the occurrence and duration of loss of consciousness (LOC), retrograde amnesia, 
sensation, and coordination. Similar to the SAC, the BESS is also administered on the 
sideline, and assesses the athlete’s postural control using three stances (double leg, 
single leg, and tandem). While tests such as these have been advocated individually as 
clinically relevant means of concussion assessment,4,7,10 it is important for athletic 
trainers to use a multifaceted approach when making return to play decisions in order to 
provide the most accurate care.5
The Sport Concussion Assessment Tool 2 (SCAT2) offers a standardized, 
multifaceted injury evaluation. The tool was first introduced at the 3rd International 
Conference on Concussion in Sport in Zurich in November 2008, and is widely 
recommended for athletic trainers due to its ease of use and trouble-free portability.7 
The SCAT2 is comprised of several well-known, pre-existing concussion assessment 
tools, such as the SAC, the BESS, the Glasgow coma scale (GCS), and the Maddocks 
sideline assessment score. These elements were combined, along with a symptom 
scale, in order to more accurately diagnose and identify the incidence of a concussion.5 
The GCS component of the SCAT2 is broken down into the following three main parts: 
best eye response, best verbal response, and best motor response. The presence of 
these types of signs or symptoms is generally associated with a more serious 
concussion, and can rapidly deteriorate depending on severity or injury location.7
The SCAT2 is recommended to athletic trainers as a preseason baseline test 
prior to athletic participation. The test is then re-administered when an athlete sustains a 
suspected concussion from a blow to the head, face, or neck. The post-injury score may 
then be compared with the baseline measurement in order to detect the presence of a 
concussion in that specific athlete. Overall, the SCAT2 represents the consensus 
thinking on sideline concussion assessment of the internationally recognized 
concussion experts at the Zurich Conference, lending face validity to the tool.12 
However, due to the relative newness of the SCAT2, little to no research has been 
conducted to provide details about the validity and reliability of the tool as a whole. This 
means that there are no accepted normative values for what is a “good” versus a “bad” 
score when determining how much of a deviation from baseline indicates whether an
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athlete can participate. Clinically speaking, it is then important that the health care 
provider managing an athlete with a concussion utilizes various techniques to make 
return-to-play decisions as opposed to relying on only one method of assessment.
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Another concussion assessment tool that is often seen coupled with the SCAT2 
is the Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT). The 
ImPACT is also administered as a baseline prior to athletic participation, and is one of 
the most widely used computerized neuropsychological screening tools available due to 
its ability to detect subtle changes in cognitive performance from baseline to post-injury 
scores.13 The test is composed of domain scores in the following areas: verbal memory, 
visual memory, reaction time, visual motor speed/processing speed, impulse control, 
fine motor speed, working memory, and attention. Recent studies have investigated the 
validity of the ImPACT on determining concussion resolution for return-to-play 
decisions.4, 13 Findings indicate that although the ImPACT does have good construct 
validity, it should not be the only means of baseline and injury management.13 Unlike the 
SCAT2, the ImPACT has existing normative data that factors in sex, age, and 
educational level when baseline data is not available.4 However, because the ImPACT 
scores are individualistic, baseline testing is highly recommended.
III. The Environment’s Impact on Concussion Assessment
Baseline testing prior to participation in sport has become a popular protocol in 
concussion management practices. The comparison of an athlete’s post-injury scores to 
baseline provides an individualistic method of tracking daily recovery. Although baseline 
testing is recommended by the National Athletic Trainers’ Association (NATA),2 specific
9guidelines have not been set for location and timing of baseline testing administration. 
The lack of certain guidelines creates a potential problem because an inconsistent 
environment between the baseline test and the test conducted after a suspected 
concussion may yield erroneous results. Factors such as noise level, weather, ground 
surface, and interference from coaches or teammates all pose as possible distractions 
for cognitive function and postural control.
The problems that may arise between different testing environments could 
possibly be applied to both the SCAT2 and ImPACT. If a baseline SCAT2 is 
administered in a quiet classroom, and the post-injury SCAT2 is administered on the 
sideline during a game, distracting environmental factors may create false-positive test 
scores. The controlled inside environment may differ significantly from the environment 
in which an athletic trainer would conduct a sideline concussion assessment 
immediately after a sustained blow to the head. With regard to the ImPACT, recent 
studies have shown that administering the baseline test in a distracting group 
environment could potentially produce erroneous results when the athlete retakes the 
ImPACT test in an individual setting.121 These findings are significant because if baseline 
scores are invalid as a result of misinterpretation of directions or distractions from fellow 
athletes, health care providers cannot accurately interpret cognitive status after a 
concussion.4
Due to the possibility of influential external factors on test scores, and the gaps in 
current literature studying such factors, more research should be conducted to 
determine whether or not the environment could be a key factor in the results of
standardized tests such as the SCAT2 and ImPACT.
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IV. Integration Into Clinical Practices
Due to the rise in occurrence and potential life-threatening factors associated 
with sport-related concussions, athletic trainers must stay up to date on current 
literature in order to properly assess and manage this type of injury.5 Issues in applying 
current research topics to concussion assessment was discussed in the NATA’s 
position statement on concussions which stated, “bridging the gap between research 
and clinical practice is key to reducing the incidence of sport-related concussion and 
improving return to play decisions.”2(p280) Although standardized tests such as the 
SCAT2 and ImPACT are widely used and accepted as reliable assessment tools7, more 
research needs to be completed to fully understand how to detect concussions. 
Furthermore, research on the effect of sex on the validity and reliability of these specific 
tests is lacking. Health care providers should keep this in mind when creating 
concussion management protocols. Even with the lack of validation through research, 
the general consensus is that a well-varied and well-administered concussion 
assessment, with many different components, will lead to better care and management 
of concussive injury.5
Methods
Participants
Eighteen healthy, male club lacrosse players (age=20.39±1.46 years, 
height=180.17±6.92 cm, mass=81.89±8.92 kg) and fifteen healthy, female club soccer 
players (age=19.41±1.24 years, height=158.53±6.81 cm, mass=58.85±7.53 kg) 
volunteered to participate in our study. The researcher randomly assigned half of the
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participants from each sport to the uncontrolled sideline group first and half to the 
controlled clinical classroom group first. All the participants completed the same SCAT2 
test protocol in each environment during 2 sessions separated by approximately 
8.05±1.63 days. The researcher excluded participants if they had any prior history of 
head injury in the past 12 months, any lower extremity injury reported in the past 2 
months that may affect balance, and any prior history of attention deficit disorder (ADD) 
or attention deficit hyperactive disorder (ADHD). Prior to agreeing to participate, all 
participants read and signed an informed consent form approved by the institutional 
review board of the host institution and completed a PAR-Q to ensure they had the 
physical ability to complete the study.5
Instruments
The SCAT2 is a standardized sport concussion assessment tool used by health 
care professionals for athletes suspected of having sustained a concussion.2 It was first 
introduced at the 3rd International Conference on Concussion in Sport in Zurich, 
Switzerland in November, 2008.7 The SCAT2 includes two previous concussion 
assessment tools, the standardized assessment of concussion (SAC) and a modified 
version of the balance error scoring system (BESS), along with several other 
components.7 The SAC and BESS have both been previously discussed in the literature 
as reliable and valid forms of sideline concussion assessment.5, 7, 10 The SCAT2 is a 
written test comprised of eight components: a symptom score, a physical signs score, 
the Glasgow coma scale, a Maddocks score, a cognitive assessment, a balance 
examination, a coordination examination, and a cognitive assessment. Each component
has a scoring system, which is then totaled out of 105 points at the completion of the 
testing.
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Procedures
The institutional review board of the host institution approved our study prior to 
the collection of data. We initially emailed all members on the men’s club lacrosse team 
and the women’s club soccer team rosters to request volunteers for the study. We 
chose members of club teams because these individuals are not required to complete 
baseline SCAT2 testing prior to participation in the season and are therefore unfamiliar 
with the test, limiting the possibility of a practice effect. Once we secured a group of 
volunteers for each sex, we set up meeting appointment times by email for each 
subject. Each subject agreed to report on two separate occasions between 4:00pm and 
6:00pm in the front lobby of the gymnasium at the host institution. On the first occasion, 
each subject filled out a PAR-Q3, read through and signed the informed consent 
agreement, and then read a script detailing participation in the study. The lead 
investigator administered all of the SCAT2 tests throughout the study. We 
counterbalanced the design by randomly assigning half of the participants to group 1 
(controlled classroom environment) and half to group 2 (uncontrolled sideline 
environment) by flipping a coin to reduce scoring differences due to a learning effect. 
We took the participants chosen to take the test in the controlled setting first into one of 
the empty classrooms in the gymnasium building to administer the SCAT2. Participants 
chosen to take the test on the sideline first were instructed to attend the scheduled club 
practice for the day on the practice field. We pulled participants out of practice to 
complete the SCAT2 test on the sideline, the location in which an athletic trainer would
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conduct an immediate assessment of an athlete who sustained a potential concussion 
during an athletic event.
For each data collection session, the lead investigator gave each subject a 
number to correspond with his/her test scores to allow confidentiality to be maintained. 
This number was written at the top of the subject's SCAT2 test packet. The researcher 
then started the SCAT2 test with the "What is the SCAT2" heading in order to give the 
subject more of an idea of why and how the SCAT2 is used prior to administering the 
actual testing portion. The researcher then began the test in order starting with the 
symptom evaluation portion. The rest of the components of the test were read to the 
subject in the exact same order with the exact wording used on the SCAT2. The subject 
received a certain score for each component of the test, and these scores were totaled 
at the end of the testing. We recorded scores for each component as well as a total 
SCAT2 score for each subject. We asked each subject to report again approximately 
one week from the test day. This approximate 1 week period was proposed to decrease 
the likelihood of a subject obtaining a better score due to memorization or a learning 
effect.6
When the participants reported for their second session, we repeated the 
administration of the SCAT2 in the environment the participants did not complete in their 
first visit. During the cognitive component of the SCAT2, we asked the subject to 
remember a set of five words and repeat a string of numbers in reverse order. There are 
a total of four sets of word and number lists, with a main list and three alternative lists. 
The only change from the first SCAT2 test to the second was the word and number list 
we asked the participants to remember. During their second data collection session, we
used the set of words and the set of numbers from the second list. The reasoning for 
this procedure was to decrease the likelihood of a learning effect from the first SCAT2 
administration to the second. With the completion of the test, the researcher recorded 
the subject's individual component scores and total SCAT2 score. We marked each 
participant’s two completed SCAT2 forms with their corresponding number and the 
environment in which we conducted each SCAT2 test.
Statistical Analysis
We analyzed the data using IBM SPSS software (version 19.0; IBM Inc, Somers, 
NY) to determine the environmental differences in SCAT2 individual component scores 
and overall scores for each subject. We evaluated the data for differences due to test 
environment by completing a MANOVA. Alpha levels of statistical significance were set 
at P≤0.05 a priori.
Results
We found statistically significant group mean differences between testing 
environments (multivariate F7,58=11.098, P<0.001, 1-β=1.000). Our results also 
indicated a strong association between the testing environment and the combined 
dependent variables (η2=0.573). In follow up ANOVAs, we found statistical differences 
for total score (F1,64=25.040, P<0.001, 1-β=0.998, ω2=0.267), symptom score 
(F1,64=10.492, P=0.002, 1-β=0.891, ω2=0.123), the modified BESS (F1,64=36.767, 
P<0.001, 1-β=1.00, ω2=0.351), immediate memory score (F1,64=5.036, P=0.028,1- 
β=0.599, ω2=0.036), and concentration score (F1,64=7.230, P=0.009, 1-β=0.754, 
ω2=0.086) based on the testing environment. Components that we found to not be
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statistically significant were the delayed recall score (F1,64=0.125, P=0.725, 1-β=0.064, 
ω2=0.032) and orientation score (F1,64=3.154, P=0.417, 1-β=.080, ω2=0.01 3). The 
physical signs score, Glasglow Coma Scale, coordination score, and Maddocks score 
were identical for the participants regardless of the testing environment as participants 
in both groups obtained perfect scores. Tables 1 and 2 show the mean, standard 
deviation, and 95% confidence interval of the combined sex data for each environment. 
Figures 1 and 2 show the differences in mean component and total SCAT2 scores.
Males
We found statistically significant group mean differences between testing 
environments for the male subjects (multivariate F7,28=6.759, P<0.001, 1-β=0.998). Our 
results also indicated a strong association between the testing environment and the 
combined dependent variables (η2=0.628). In follow up ANOVAs, we found statistical 
differences for total score (F1,34=16.756, P<0.001, 1-β=0.981, ω2=0.312), the modified 
BESS (F1,34=17.118, P<.001, 1-β=0.981, ω2=0.311), the symptom score (F1,34=6.725, 
P=0.014, 1-β=0.712, ω2=0.137), and the concentration score (F1,34=4.501, P=0.041, 1- 
β=0.541, ω2=0.089) based on the testing environment. Components that we found to 
not be statistically significant were the delayed recall score (F1,34=3.859, P=0.058, 1- 
β=0.481, ω2=0.074), immediate memory score (F1,34=.860, P=0.360, 1-β=0.153, 
ω2=0.003), and orientation score (F1,34=.168, P=0.684, 1-β=0.071, ω2=0.024). The 
physical signs score, Glasglow Coma Scale, coordination score, and Maddocks score 
were identical for the participants regardless of testing environment as participants in 
both groups obtained perfect scores. Table 3 and 4 show the mean, standard deviation,
and 95% confidence interval of the male data for each environment. Figure 3 and 4 
show the differences in mean component and total SCAT2 scores.
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Females
We found statistically significant group mean differences between testing 
environments for females (multivariate F6,23=8.306, P<0.001, 1-β=0.999). Our results 
also indicated a strong association between the testing environment and the combined 
dependent variables (η2=0.684). In follow up ANOVAs, we found statistical differences 
for total score (F1,28=37.799, P<0.001, 1-β=1.000, ω2=0.551), symptom score 
(F1,28=7.814, P=0.009, 1-β=0.770, ω2=0.185), the modified BESS (F1,28=23.805, 
P<0.001, 1-β=0.997, ω2=0.432), and the immediate memory score (F1,28=5.502, 
P=0.026, 1-β=0.620, ω2=0.131) based on the testing environment. Components that we 
found were not statistically significant were the orientation score (F1,28=2.514, P=0.071, 
1-β=0.294, ω2=0.037), concentration (F1,28=2.560, P=0.121, 1-β=0.339, ω2=0.051), and 
delayed recall score (F1,28=0.180, P=0.675, 1-β=0.069, ω2=0.003). The physical signs 
score, Glasglow Coma Scale, coordination score, and Maddocks score were also 
identical for the female participants regardless of testing environment as participants in 
both groups obtained perfect scores. Tables 5 and 6 show the mean, standard 
deviation, and 95% confidence interval of the female data for each environment. Figures 
5 and 6 show the differences in mean component and total SCAT2 scores.
Discussion
The SCAT2 is a standardized method of assessing athletes for the presence of a 
concussion, with preseason baseline testing recommended as a helpful interpreter of
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post-injury test scores.7 The tool takes a multifaceted concussion assessment approach 
by evaluating symptoms, physical signs, verbal and motor responses, cognition, 
balance, and coordination. The baseline SCAT2 tests may be administered in a clinical 
setting prior to participation in sport, whereas a post-injury SCAT2 test may need to be 
administered on-site at an athletic event after suspected trauma. An outside, 
uncontrolled environment can significantly alter SCAT2 scores from an inside, controlled 
environment potentially due to several of the following factors: noise level, weather, 
playing surface, or interference from coaches and teammates. We hypothesized that 
the change in environment would impact the results of SCAT2 scores, yielding lower 
(worse) total scores in the uncontrolled environment compared with the controlled 
environment. Our results suggest that the testing environment could lead to false- 
positive SCAT2 scores from baseline to post-injury, as on average, overall SCAT2 
scores decreased (worsened) by a mean of 7.78 points for males and a similar 7.47 
points for females.
We found a difference in the mean total scores between the uncontrolled and 
controlled environments. These results demonstrated that the external factors existing 
in an uncontrolled environment may be a cause for a total score decrease. In analysis of 
our results, we also found differences within the following components of the SCAT2: 
symptom score, balance, concentration, and total overall score. We found no changes 
in the physical signs score, Glasglow Coma scale, coordination, and Maddocks score. 
The lack of change between environments for these sections can be attributed to the 
fact that these components look for loss of consciousness, unresponsiveness, and eye,
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verbal, and motor response. None of the participants had signs of any of these 
problems as they were not injured at the time of either testing session.
The difference in total SCAT2 scores between a controlled and uncontrolled 
environment is the most important finding of our study. Our results indicate that signs 
and symptoms of concussion may be present due to environmental factors as opposed 
to an actual concussion. These findings are extremely important in the health care 
profession, where providing athletes with the best possible care is essential. Clinicians 
should consider the impact of environmental factors when administering the SCAT2 in 
different settings. While we found that some components of the SCAT2 yielded similar 
results between environments, an uncontrolled sideline environment adversely affected 
overall SCAT2 scores. We recommend that clinicians take into consideration the 
distractions present in an uncontrolled environment that could yield false-positive test 
results. Furthermore, our findings suggest that in order to produce consistent results, 
clinicians should consider administering baseline tests in the same environment as 
post-injury testing.
The results of our study indicated that the greatest differences between 
environments existed within the balance component of the SCAT2. The balance portion 
of the SCAT2 is a modified version of the BESS, which clinicians originally created as a 
sideline assessment tool for postural control immediately following injury.6 The BESS is 
scored by counting the number of errors an athlete receives within a 20 second period 
for a double leg, single leg, and tandem stance.1 A maximum of 30 errors can be 
obtained; errors include taking a step, stumbling, opening of the eyes, and removing 
hands from the hips.1 An increase in errors from an athlete’s baseline to post-injury
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score may indicate a decline in postural control. According to the literature, a normal 
BESS score for a firm surface is 3.371 ±3.100 errors out of a possible maximum of 30 
errors.14 For male participants, we found a mean BESS score of 2.001 ±1.141 errors for 
the controlled environment and 7.674±5.631 errors for the uncontrolled environment. 
Similarly, for female participants, we found a mean BESS score of 1.933±1.491 errors 
for the controlled environment and 6.533±3.331 errors for the uncontrolled environment. 
Due to such significant differences (an average of about 4.5 and 5 points) from the 
normative values, our findings suggest that an uncontrolled sideline environment could 
adversely affect an athlete’s balance. Furthermore, literature states that an increase of 
25% in score is a positive sign for concussion when using the BESS. Using this 
previous research as a foundation for our own, our findings show that the environment 
could possibly pose as a distraction in terms of postural control. We recommend health 
care professionals take this into consideration when conducting post-injury assessment 
on the sideline.
In a similar study comparing the effects of the environment on the BESS scores 
of collegiate level baseball players, investigators also found that an uncontrolled sideline 
environment adversely affected BESS scores compared with a controlled clinical 
environment.6 The investigators in this previous study used the sideline of a baseball 
field as the uncontrolled environment and a locker room as the controlled clinical 
environment. They concluded that the distracting sideline environment influenced the 
athletes’ focus, skewing the scores for postural control.6 We found similar results, where 
environmental factors appeared to have an impact on the participants’ ability to stay 
focused on keeping their balance. Of these environmental factors, we projected that
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noise level was most distracting for the participants. Even though it was not possible to 
truly measure this theory, we came to this conclusion based off of several 
considerations. The environment during a club lacrosse or soccer practice is similar to 
that of a varsity lacrosse or soccer game; music is playing in between quarters, coaches 
and teammates are yelling, and substitutions are fast paced and continuous. This 
contrasted the clinical environment, which was completely quiet and involved only the 
lead investigator and the participant in the room at one time. The noise level during 
practices is reflective of the noise level at an athletic event, where an athletic trainer 
would have to conduct a sideline assessment of an injured athlete. Our findings are 
clinically significant because an athlete’s inability to balance may simply be due to an 
inability to focus in a game or practice-like environment, not because the athlete has 
sustained a concussion. It is important that athletic trainers take this possibility of a false 
positive into consideration when performing baseline concussion testing of athletes.
The differences we found in symptom scores between environments can most 
likely be contributed to each subject’s activity level for that specific day. Participants in 
the uncontrolled sideline environment tended to report higher symptom scale levels for 
fatigue or low energy, drowsiness, and headache compared with the controlled 
environment. We attributed this to the fact that we pulled participants out of practice to 
perform the SCAT2 after each subject had already been exercising for a duration of 
time. As previously mentioned, the SCAT2 may be administered post-injury on the 
sideline during either a practice or a game. In either of these scenarios, an athlete may 
report certain symptoms because of other extraneous variables besides the obvious 
head trauma. Based off of our findings, we would encourage athletic trainers to examine
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deviations from baseline in symptoms, but also consider how different an athlete is 
acting compared to his or her normal self and whether or not any of these symptoms get 
worse with physical or mental activity. Furthermore, future studies examining the effect 
of activity on certain symptoms of a concussion that are listed on the SCAT2 would be a 
vital contribution to research surrounding the validity of the SCAT2 as a whole.
We also found several differences in SAC component scores when comparing 
the two environments. The SAC is incorporated into the SCAT2 and is comprised of 
orientation, immediate memory, concentration, and delayed recall scores. These 
components all test the cognitive function of the brain. Much like the BESS, SAC scores 
are recommended as a baseline test prior to athletic participation7. These baseline tests 
may then be used to interpret an athlete’s “normal” cognitive function. Out of these 
components, we found concentration in males to have the only statistically significant 
impairment in score when tested in the uncontrolled environment. Female data yielded 
different results, with a statistically significant impairment in score for immediate 
memory when tested in the uncontrolled environment. Currently, there is no conclusive 
evidence to suggest why such findings existed in our study; therefore, studies 
investigating the reasons behind the significant decrease in certain components of the 
SAC between environments for specific sexes should be conducted.
It is important to note that when we totaled and examined these SAC 
components as a whole, overall scores were not statistically lower between 
environments. This suggests that the individual SAC component findings may not be 
clinically significant by themselves. Literature on the SAC states, “a drop of 1 point or 
more from preseason baseline score on the SAC was 95% sensitive and 76% specific
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in correctly classifying injured and uninjured participants,”11(p278) meaning that the SAC 
is generally an effective cognitive assessment tool. In our study, the small drop in points 
we found in the uncontrolled environment for both sexes combined (controlled= 
26.364±2.162, uncontrolled= 25.818±1.130) shows that the testing environment may not 
have had as much of a significant impact on cognitive function compared to postural 
stability.
Our findings with regards to the combined sexes data are similar to a recent 
study that investigated the differences between a clinical and sideline environment 
when evaluating cognitive test performance using the SAC.16 The researchers 
concluded that clinicians could administer cognitive tests in an uncontrolled environment 
to a certain male athletic population and expect to obtain results similar to those in a 
controlled environment.16 Taking into account the statistical significance we found in the 
concentration portion of the SAC for males and the immediate memory portion for 
females between the uncontrolled and controlled environments, we would recommend 
that athletic trainers still take the environment into consideration when conducting 
concussion assessments. Furthermore, researchers recommend the SAC be utilized 
along with other tests when assessing concussions, not as a stand-alone method.11 The 
SCAT2 not only incorporates the SAC, but many other components as well. Therefore, 
although we found that the SAC by itself may not be affected by environmental factors, 
the SCAT2 as a whole may be affected by testing environment.
While examining the different gender SAC score findings, we found that the 
female SAC scores had an average drop of a little over 1 point between environments 
(controlled=27.133±2.326, uncontrolled=25.867±1.598). Our male findings however, did
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not have this drop in points between environments (controlled=25.711 ±5.611, 
uncontrolled=25.763±5.157). These findings could suggest that the environment could 
cause a false positive for women but not men. The sex differences we found in this 
study provide a gateway for future research that should further examine how the 
environment impacts males and females differently and why differences may occur.
Another similar study investigated the effect of group versus individual ImPACT 
neurocognitive test administration performance.17 Researchers found that “cognitive 
skills such as attention, concentration, and memory could be affected by distractions 
while testing, which could be expected to occur when a team of athletes are present in 
the same room at the same time.”17(p2) The findings in this study are important to our 
research because in the uncontrolled sideline environment, many distractions were 
present. We found that teammates were distracting to the subject completing the 
SCAT2, adversely affecting the ability to concentrate on the task at hand. Clinicians are 
recommended to baseline athletes prior to participation in sport, specifically in the areas 
of cognitive function and postural control. As previously stated, we did not find all of the 
cognitive scores to be statistically or even clinically significant between testing 
environments. However, because the SAC is included as a component of the SCAT2, it 
is not the only factor in a total concussion assessment. While we found evidence to 
suggest that the environment does impact SAC scores in females, our evidence for the 
combined sexes does not completely suggest that an uncontrolled environment would 
negatively affect SAC scores because of the small drop in points. Nevertheless, our 
finding that an uncontrolled environment significantly decreases total SCAT2 scores is 
clinically significant because of the fact that the SCAT2 is currently one of the nationally
recommended concussion assessment tools for preseason baseline and post-injury 
assessment.7 We recommend that athletic trainers recognize and eliminate, if possible, 
any distracting factors when assessing an athlete’s cognitive function.
It is important to note some limitations to our study. Although we had excellent 
power for the majority of our statistical tests, our population was a small convenience 
sample of healthy, college-aged male and female club sport athletes, limiting 
generalizability. Further research should investigate the effects of the testing 
environment on other populations such as high school and a more varied sample of 
collegiate athletes. Also, uncontrolled environments are deemed such for a reason; they 
are unpredictable. Since we tested different participants on different practice days, there 
may have been differences in noise level and teammate distraction within our study. 
However, we believe that in everyday clinical practice, the environment in which the 
SCAT2 may need to be used will probably vary as well. We recommend that clinicians 
consider completing baseline testing in an environment similar to that in which a post- 
injury test will need to be conducted.
There is very little evidence in the literature regarding the validity and the 
reliability of the SCAT2 as a whole. While components of the SCAT2 such as the SAC 
and BESS have been tested for reliability and validity,4, 7, 10 it is important that the 
reliability and validity of the SCAT2 be investigated as well. Currently, there are no 
exact SCAT2 scores that would correctly deem an athlete concussed or not concussed, 
limiting the health care provider’s ability to make a clinical decision. Future research 
should be conducted in order to pursue normative values for the SCAT2. Furthermore,
the environmental factors that we found to have adverse effects on SCAT2 scores is a
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problem that should be addressed in future studies. Researchers should examine which 
environmental factors present in both practice and game settings have the strongest 
and most adverse effect on SCAT2 scores. Studies such as these in the future would 
provide better concussion management insight and knowledge to clinicians as a whole.
Conclusions
The environment in which we administered the SCAT2 altered the test 
performance of our participants. Total scores collected from the uncontrolled 
environment were significantly worse than those collected from the controlled 
environment. Based off of our findings, we recommend that athletic trainers conduct 
baseline SCAT2 testing in an environment similar to post-injury SCAT2 testing in order 
to decrease the likelihood of producing a false-positive test score. By properly 
administering the SCAT2 in the correct environment, clinicians will be able to make 
more accurate concussion assessment decisions. Constantly improving and gaining 
knowledge about concussion assessment is beneficial not only to clinical practice, but to 
providing injured athletes with the best possible care.
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Table 1. Mean, SD, 95% Cl for uncontrolled environment for combined sexes
95% Confidence Interval
Symptom 18.64 3.55 17.37 19.89
Physical Signs 2.00 0.00 2.00 2.00
Glasglow 15.00 0.00 15.00 15.00
Balance 22.85 4.69 21.18 24.51
Coordination 1.00 0.00 1.00 1.00
Orientation 4.84 .331 4.72 4.98
Imm Memory 3.63 1.06 3.00 3.72
Concentration 14.18 1.01 13.62 14.54
Delay Recall 3.42 1.22 2.99 3.86
Maddocks 5.00 0.00 5.00 5.00
Total 91.91 7.25 85.67 90.52
Dependent Variable Mean Std. Dev Lower Bound Upper Bound
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Table 2. Mean, SD, 95% Cl for controlled environment in combined sexes
95% Confidence Interval
Symptom 21.06 2.42 20.21 21.92
Physical Signs 2.00 0.00 2.00 2.00
Glasglow 15.00 0.00 15.00 15.00
Balance 28.03 1.42 27.53 28.54
Coordination 1.00 0.00 1.00 1.00
Orientation 4.89 0.33 4.76 4.99
Imm Memory 3.93 1.05 3.56 4.32
Concentration 14.72 0.57 14.54 14.93
Delay Recall 2.81 1.53 2.76 3.61
Maddocks 5.00 0.00 5.00 5.00
Total 95.72 5.47 93.79 97.67
Dependent Variable Mean Std. Dev Lower Bound Upper Bound
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Figure 1. Mean SCAT2 component scores in combined genders*
*Physical sign score, Glasglow coma scale, coordination, and Maddocks scores are not included because there was no 
change between environments.
**Indicates statistical significance between environments (P≤0.05 a priori).
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Figure 2. Mean total SCAT2 scores in combined genders
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Table 3. Mean, SD, 95% CI for uncontrolled environment in males
Dependent Variable
Symptom 17.33 4.02 15.61 19.06
Physical Signs 2.00 0.01 2.00 2.00
Glasglow 15.00 0.01 15.00 15.00
Balance 22.33 5.63 20.37 24.31
Coordination 1.00 0.01 1.00 1.00
Orientation 4.83 0.38 4.64 5.03
Imm Memory 3.44 1.14 2.93 3.96
Concentration 14.11 1.07 13.69 14.52
Delay Recall 3.38 1.29 2.69 4.08
Maddocks 5.00 0.01 5.00 5.00
Total 84.39 6.51 81.66 87.19
Mean Std. Dev Lower Bound Upper Bound
95% Confidence Interval
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Table 4. Mean, SD, 95% CI for controlled environment in males
Dependent Variable
Symptom 20.44 3.11 18.72 22.17
Physical Signs 2.00 0.00 2.00 2.00
Glasglow 15.00 0.00 15.00 15.00
Balance 28.00 1.14 26.03 29.97
Coordination 1.00 0.00 1.00 1.00
Orientation 4.77 0.42 4.58 4.97
Imm Memory 3.78 1.11 3.26 4.29
Concentration 14.72 0.57 14.31 15.14
Delay Recall 2.44 1.58 1.75 3.13
Maddocks 5.00 0.00 5.00 5.00
TOTAL 92.17 4.77 89.44 94.89
Mean Std. Dev.
95% Confidence Interval
Lower Bound Upper Bound
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Figure 3. Mean SCAT2 component scores in males*
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*Physical sign score, Glasglow coma scale, coordination, and Maddocks scores are not included because there was no 
change between environments.
**Indicates statistical significance between environments.
Figure 4. Mean total SCAT2 scores in males
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Table 5. Mean, SD, 95% CI for uncontrolled environment in females
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Dependent Variable
Symptom 20.20 2.07 19.05 21.35
Physical Signs 2.00 .000 2.00 2.00
Glasglow 15.00 .000 15.00 15.00
Balance 23.47 3.33 21.62 25.31
Coordination 1.00 .000 1.00 1.00
Orientation 4.87 .351 4.67 5.06
Imm Memory 3.26 .883 2.77 3.76
Concentration 14.27 .961 13.73 14.79
Delay Recall 3.46 1.18 2.81 4.12
Maddocks 5.00 .000 5.00 5.00
Total 92.27 5.01 90.24 94.825
Table 6. Mean, SD, 95% CI for controlled environment in females
Mean Std. Dev
95% Confidence Interval
Lower Bound Upper Bound
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Symptom 21.80 .774 21.37 22.23
Physical Signs 2.00 .000 2.00 2.00
Glasglow 15.00 .000 15.00 15.00
Balance 28.06 1.47 27.24 28.89
Coordination 1.00 .000 1.00 1.00
Orientation 5.00 .000 5.00 5.00
Imm Memory 4.13 1.12 3.51 4.76
Concentration 14.73 .593 14.41 15.06
Delay Recall 3.26 1.38 2.49 4.03
Maddocks 5.00 .000 5.00 5.00
Total 100.00 2.34 98.76 101.24
Figure 5. Mean SCAT2 component scores in females*
Dependent Variable Mean Std. Dev
95% Confidence Interval
Lower Bound Upper Bound
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*Physical sign score, Glasglow coma scale, coordination, and Maddocks scores are not included because there was no 
change between environments.
**Indicates statistical significance between environments (P≤0.05 a priori).
Figure 6. Mean total SCAT2 scores in females
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